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@ Variable capacitance pressure transducer. 

© A variable. capacitance transducer comprises a first plate 
formed by e layer of conductive meterial (22) on one surface of 
a body of insulating material (14), and a second plate formed 
by a body (12) of doped semiconductor material having an 
etched recess (19) positioned in alignment with and spaced 
from the layer of conductive meteriel (22). The semiconductor 
material (1) is bonded to the insulating material (14) along a 
boundary around the conductive material (27). A hole (26) 
through the insulating material (14) has a lining of electrically 
conductive material (27) to establish electrical contact with 
the layer of conductive material (22) and allows a desired 
pressure to be established in the recess (18) after assembly. 
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DESCRIPTION ^ 

This invention relates to variable csqpacitance pressure 
transducers. Variable capacitance pressure transducers usually 
have at least two spaced conductive platesi the spacing between 
viiich may be varied in response to fluctuations in fluid pressure 
acting on at least one of the plates thereby producing a variation 
in capacitance* Such transducers are suitable for use in sensing 
either absolute or gauge presBures or pressure differentials. 

Generally, devices for measuring or detecting changes 
in pressure either detect motion of a detecting element or stress 
induced in a detecting element. Motion type pressure transducers 
employ a diaphragm or other movable element that is responsive to 
changes in fluid pressures acting on it to produce motion of an 
element that can be detected. The motion may be the movement of an 
inductor in a magnetic circuiti the movement of the wiper arm on a 
variable resistive elementi or, as in the case of the present 
invention, may produce variation of the spacing between the plates 
of a capacitor. If the movement produces such a capacitance variation, 
this may be used to produce a change in electrical frequency of a 
circuit associated with the variable capacitance pressure transducer. 
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The stress type of pressure transducer' indicates pressure 
variation as a change in stress in a material subjected to the 
pressure variations. The most recent form of such devices 
have employed piezoresistive or piezoelectric devices. The 
5 piezoresistive devices typically have been formed by resistive 
bridge circuits diffused or otherwise formed in silicon or 
other semiconductive material. The resistive elements in the 
semiconductor material are .isolated from the underlying 
regions of the material by the formation of reverse-biased FN 

10 junctions.. Piezoelectric pressure transducers, on the other 
hand, are responsive to dynamic pressure variations and 
produce an output as a result of electrical charge separation 
under the dynamic pressure variation. 

Recently, motor vehicle applications have required 

15 the use of pressure sensors for measuring both ambient and 
subatmospheric pressure levels. In internal combustion engine 
applications, fine control of fuel metering has required that 
the rapidly-fluctuating pressure levels within the intake 
manifold of the engine be measured as well as the less-rapidly 

20 fluctuating ambient pressure levels. Sensors able to measure 
these pressures reliably and with adequate response time have 
been difficult to obtain and are very expensive. Perhaps the 
best pressure sensor thus far availsd^le is the ceramic 
pressure transducer type. This ^variable capacitance seh'sor 

25 has a thick ceramic element on which is deposited a metal 
film. A second and very thin ceramic plate or diaphragm also 
has a metal film deposited on it and is attached with a glass 
frit or the like to the thicker ceramic element. The metal 
films on the ceramic element constitute the plates of a 

30 capacitor. The thin ceramic diaphragm responds to pressure 
variations to produce a small change in capacitance that is 
used to vary the frequency produced by an electronic 
oscillator. 

Sensors or transducers of the type described in the 
35 preceding paragraph are expensive because of their large size 
and because they must be manufactured individually. Also, a 
ceramic pressure transducer of this type may not be tested 
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until It has been assembled vith its asBOoiated electronic circuitxy* 
If it is found to be defectivei the entire aasembly then Dust be 
discarded • 

A pressure transducer that could be manufactured by batch- 

5 processing techniques is a desirable device* Also desired is a 
pressure transducer that is of small size and can be tested prior 
to assembly >dth electronic circuitry that may be associated with 
the device to produce a signal proportional to the pressure detected 
by the transducer element* The pressure transducer should be 

10 inejqyensive with respect to the materials utilised, should be reliable 
and should be cost effective as compared to prior art devices* 
Noreover, the pressure sensor should be easily calibrated, should be 
nass-producable at low cost and should provide an accurate and 
reproducable varisble parameter in response to fluctuations in the 

13 pressure to be sensed* Desirably, the pressure transducer should be 
manufacturable for use over various pressure ranges* 

In a thesis submitted to Case Mstem Reserve University by 
Thomas Mark Grill in January 1978 in partial folfillmezit of the - 
requirements of the Degree of Master of Science, and entitled **The 

20 Design of an Integrated Circuit Capacitance Transducer** intended 
for ••in vivo»» bio-<Dedical applications, a transducer having a 
pressure sensitive capacitor is referred to* One plate of the 
capacitor is a diaphragm that is etched into the silicon substrate 
with a four micrometer (Jim) deep cavity in the top surface* The 

25 other plate is a metallized glass cover that is electrostatically 
sealed to the silicon substrate over the cavity thus forming a 
totally enclosed chamber* To obtain a DC voltage proportional to 
the value of the pressure sensitive capacitor, an FET bridge is 
driven by a squarewave* The pressure sensitive capacitor and a 

30 reference capacitor are then charged and discharged through the bridge* 
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U.S. Patent 4,025,942 describes a low pressure 
transducer. The transducer comprises piezoresistive bridges 
deposited upon or diffused within a wafer or slice of N*type 
silicon. The wafer or slice then is bonded, with the use of 
^ anodic or diffusion bonding technique, to a glass sheet.. The 
composite structure then is scribed or cut to separate the 
bridge circuit patterns into individual cells. The bridge 
circuit composite cell then is attached to a much larger 
silicon diaphragm with the use of an inorganic bonding 

10 technique, similar to that used to bond the wafer to the 
glass, before scribing. 

U.S. Patent 3,417,361 describes a semiconductive 
pressure transducer comprising an enclosure formed as a 
unitary structure of mechanically homogeneous semiconductive 

15 material. The stress-sensitive element of the transducer is a 
single crystal circular diaphragm having a diffused surface 
layer electrically isolated from the body of the diaphragm by 
a rectifying junction. 

U.S. Patent 3,858,097 describes a capaicitance type 

20 pressure transducer comprising a hollow body having spaced 
opposing walls supported at their edges. Electrical 
conducting means on the deflectable portions of the walls form 
the plates of a pressure sensitive capacitor. The hollow body 
is made of a dielectric material, such as glass or quartz. 

23 U.S. Patent 3,993,939 describes a pressure responsive 

diaphragm attached to a substrate that carries a thick film 
metallic coating. The coating is covered by a dielectric 
glass so that the diaphragm and thick film coating comprise a 
pressure variable capacitor. Changes in pressure cause the 

30 diaphram to roll against the glass thereby varying the area 
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of contact aM the capacity* 

U,S« Patent 3f 328,633 described a thinf-film preBsure transducer 
comprising a fixed electrode sarKlwiched between a very thin, 
flexible, upper layer of dielectric material and a rigid base le^yer 
5 of dielectric material* The upper layer carries a thin film of 
metal opposite the fixed electrode. 

U.S. Patent 3f397t278 describes an anodic bonding techniciue 
suitable for use in bonding an inorganic insulator element to 
a metallic element. Specifically, bonding of borosilicate gletss and 
10 a semi conduct or I such as silicon, is accomplished. 

U.S. Patent 3i697f9l7 describes a pressure transducer that 
utilizes a silicon strain gage diaphragm as a pressure sensor. The 
diaphra^ is bonded to a tubular glass support by an anodic bonding 
process. 

13 According to the present invention, there is provided a 

variable capacitance transducer comprising at least two spaced 
conductive plates, the spacing between lAdch varies in response to. 
fluctuations in fluid pressure acting on at least one of the plates, 
characterized in that one of the plates if formed by a conductive 

20 material on a surface of a body of insulating material; the other 
plate is formed by a body of semiconductor material having a recess 
positioned in alignment with and spaced from the conductive material on 
the insulating material, the Bemiconductor material being bonded to 
the insulating material along a boundary surrounding the conductive 

23 material thereon; and in that the insulating material is penetrated by 
means suitable for use during manufacture of the transducer for 
establishing a predetermined pressure within the volume of the 
transducer contained within the bond boundaiy of and between the 
insulating material and the semiconductor material. 
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The recessed area of the semiconductor material # 
together with the surface of the Insulating material and the 
conductive material thereon, define an enclosed volume that is 
sealed by a bond formed between the semiconductor material and 
5 the insulating material, A passage Is drilled Into the 
enclosed volume through the insulating material. The drilled 
passage may be used to establish a predetermined pressure 
within the volume enclosed 'by the semiconductor material and 
the insulating material in the recessed area and also to 

10 establish electrical contact with the conductive material that 
is on the insulating material. The pressure may be 
atmospheric, may be at some other level either above or below 
atmospheric, or the enclosed volume may be evacuated. In the 
latter case, the semiconductor material forming ' one of the 

15 plates of the capacitor will be subjected, on its exterior 
surface and in the area of the recess, to fluctuations in 
fluid pressure external of the transducer. With a vacuum 
established in the enclosed volume, deflection of the 
semiconductor material in the area of the recess is dependent 

20 on the absolute pressure of the fluid medium in which the 
pressure transducer is immersed. On the other hand, if 
atmospheric pressure is established within the enclosed 
volume, then the semiconductor material will deflect in 
response to the difference between atmospheric pressure and 

25 the pressure of the fluid in which the pressure transducer is 
immersed and, hence, will become an indicator of gauge 
pressure. 

The invention may be better understood by reference 
to the following detailed description of a preferred embodiment thereof, 
which is illiistrated in the drawing* 

30 

Figure 1 is an enlarged plan view of an improved 
variable capacitance pressure transducer according to the 
invention; 

Figure 2 is a further enlarged elevational view of 
35 the transducer of Figure 1; and 
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Figure 3 is an eveii further enlarged partial 
sectional view, taken along the line III-III in Figure 1, of 
the pressure transducer* 



With particular reference now to the drawings, 
wherein like numerals refer to like parts in the several 
views, there is shown a variable capacitance pressure 
transducer generally designated by the numeral 10. The 
improved pressure transducer comprises two main elements, a 
semiconductor material 12 and an insulating material 14 to 
which the semiconductor material is bonded. The semiconductor 
material 12 may be doped silicon and the insulating material 
preferably is borosilicate glass, such as is obtainable from 
the Corning Glass Works under the trademark "Pyrex" and may be 
of the type designated 7740. 

The improved pressure transducer 10 has a recessed 
area or volume 18 defined by a surface 19 in the silicon 
semiconductor material that is formed by etching. The etching 
may be accomplished in the conventional way with the use of 
well kno%m etching techniques, but sputter etching or milling 
by ion bombardment may be desirable. The semiconductor 
material 12 is intended to act as an electrical conductor and 
therefore, is highly doped, preferably with boron, to give it 
P-type conductivity. 

The glass 14, within the recessed area or volume 18 
of the semiconductor material, has a conductive material on a 
portion, of its surface located within the recessed area. The 
conductive material 22 on the glass 14 forms a plate of a 
capacitor another plate of which is formed of the 
semiconductor material 12. The semiconductor material 12 is 
in alignment with and spaced from the conductive material on 
the glass insulating material. Also, the s«niconductor 
material 12 is bonded to the glass insulating material 14 
along a boundary that surrounds the conductive material 22 
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The bonding may be accomplished with the use of an anodic 
bonding technique, such as one of those described in the 
aforementioned U.S. Patent 3,697,917 to Orth et alj 3,397,278 
to Pomerantz; or 4,025,942 to Kurtz. The anodic or diffusion 
5 bonding techniques described in these patents are especially 
suitable for bonding silicon semiconductor material to glass 
of the type suggested for use herein, techniques known to 
those skilled in the art also may be' used to produce adhesion 
of the surface 16 of the semiconductor material 12 to the 

10 surface 20 of the glass dielectric material 14. 

The pressure transducer 10 has two holes 26 and 28 
that preferably are obtained by laser drilling. These holes 
are used to allow electrical contact to be made to the 
semiconductor material forming one plate of the capacitive 

15 transducer and to the conductive material 22 forming the other 
plate of the transducer. The conductive material 22 and the 
semiconductor material are electrically contacted, 
respectively, by the deposition in each of the holes 26 and 28 
of a conductor in the form of metal film. The conductive 

20 metal material may be formed with the use of a solution that 
contains a salt. The salt solution is dried and heated to 
cause the salt to decompose into a metal and a second element . 
or compound that is vaporized or given off as a gas, in 
accordance with known techniques. Platinum and other metals 

25 are available in the form of salt solutions for use in this 
manner, and a salt solution preferred is Hanovia bright 
platinum available from Englehard Industries, Inc. 

The electrically conductive material 22 on the 
surface of the glass dielectric insulating material 14 is 

30 applied to the insulating material by vapor deposition or 
other suitable technique so that it forms an electrical 
junction with the conductive material 27 in the hole 26. The 
vapor deposition layer 22 of conductive material, which 
preferably is aluminum, may be on the order of 2000 angstroms 

35 thick and leaves an opening when deposited such that the hole 
26 continues to communicate with the recessed area or volume 
18 of the pressure transducer. 
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Because the hole 26 penetrates the dielectric 
insulating material, and communicates with the recessed area 
or volume IB, the pressure transducer may be placed into an 
evacuated container to allow removal o£ air or other gaseous 
5 pressure, from the recessed area or volume 18. After the 
establishment of a desired pressure, within the recessed area 
or volume 18, the hole 26 is sealed with solder as shown at 
34* Simultaneously, the hole 28, whose conductive material 
makes electrical contact with the heavily doped silicon 

10 semiconductor material 12, is sealed with solder 36. Solder 
bumps 34 and 36 remaining may be used to make electrical 
contact to the plates of the capacitor formed, respectively, 
by the conductive material 22 and the aligned and spaced apart 
semiconductor material 12. 

15 It should be particularly noted that the hole 26 

penetrating the insulating material of the pressure transducer 
allows any predetermined pressure to be established within the 
recessed area or volume 18. The hole 26 may be used during 
manufacture of the pressure transducer to establish the 

20 predetermined pressure within the volume of the pressure 
transducer contained within the dielectric material to 
semiconductor material bond-boundary. 

The thickness of the semiconductor material 12 may be 
selected as required f^r the application of the pressure 

25 transducer, but a thickness of about 135 microns has been 
found satisfactory. On the other hand, the glass dielectric 
material 14 may have a thickness of about 1.50 mm. This is 
much thicker than the semiconductor thickness, the thicnesses 
of these materials being deliberately distorted in the 

30 drawings to allow illustration. The depth of the etched 
recessed area or volume 18 of the semiconductor material may 
be about four microns. The area of the recess IB may be about 
20.25 mm^, and may be obtained by etching the silicon 
semiconductor material with hydrazine solution applied to the 

35 semiconductor material. The hydrazine solution preferably is 
a mixture commercially available and the semiconductor 
material preferably has a 100 crystal orientation. The 
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etched areas will tend to be square with the use of this 
silicon material and will have edges of about 4«5 mm in order 
to produce an area of about 20*25mm2A 

In the application of the pressure transducer / the 
5 semiconductor material 12 as the plate of a capacitor moves in 
response to variations in the pressure differential between 
the fluids acting on its exposed surface and within the 
recessed area or volume 18. • If the recessed area or volume 18 
is evacuated, the pressure transducer will response to 
10 variations in the absolute pressure of the fluid acting on the 
exposed surface of the semiconductor material 12, Of course, 
deflection of the preferred glass dielectric insulating 
material 14 is limited due to its much greater thickness and 
physical proper ties « 
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CLAIMS^ 

1* A variable capacitance traziaducer compriBine at least two 
epaced conductive platesf the spacing between wixich varies in 
response to fluctuations in fluid pressure acting on at least 
one of the plates, characterized in that one of the plates is J 

3 formed by a conductive material on a surface of a body of 
insulating material; the other plate is formed by a body of 
semiconductor material havir^ a recess positioned in aligment 
with and spaced from the conductive material on the insulating 
material, the semiconductor material being bonded to the insulating 

10 material along a boundary eurrounding the conductive material' 

thereon; and in that the insulating material ie penetrated by means 
suitable for use during manofacture of the transducer for establishing 
a predetermined pressure within the volume of the transducer contained 
within the bond boundary of and between the insulatizig material and 

13 the semiconductor material. 

2« A transducer according to Claim 1 wherein the insulating 
material is a sheet penetrated by the hole containing an electrically 
conductive material in contact with the conductive Biaterial on the 
surface of the insulating material. 

20 , 3* A transducer according to Claim 2 wherein the hole is eealed. 
4« A transducer according to apy one of Claims 1 to 3 idierein 
the insulation material is penetrated by a further hole at a location 
along the bond boundary. 

3« An improved transducer according to Claim 4 %dierein the farther 
23 hole contains an electrically conductive material in contact with the 
semiconductor material. 

6. A transducer according to Claim. 4 or Claim 3 wberein the 
further hole ie sealed. 

7« A transducer according to any one of claims 1 to 6 v^erein lAe 
30 insulating material has a surface opposite that on %diicb the 

conductive matericQ is carried, and the eaid siirface having a raised 
electrical contact thereon in electrical contact vdth one of the plates. 



